Drosophika pseudoobscura have shown that within a given population flies of which the third chromosomes differ in gene arrangement (inversion heterozygotes) often possess higher adaptive values than those of which the homologous pair has the same arrangement in both chromosomes (inversion homozygotes). 1 2 In many localities the inversion heterozygotes outnumber the homozygotes. The welfare of the populations of these localities, therefore, seems to depend upon the maintenance of a high adaptive level in the inversion heterozygotes relative to the homozygotes. In other localities, however, the populations consist mainly or entirely of inversion homozygotes. In these the adaptive level of the homozygotes must be at least tolerably high.
In theory, two genetic mechanisms could bring about adaptive differences between and among the inversion homozygotes and heterozygotes. First, the action of genes in development may be altered simply by differences in their order within the chromosome (position effect). Second, chromosomes with different gene arrangements may be essentially alike but may carry different complexes of genes which make their possessors physiologically and adaptively different. At the same time they might be coadapted in such a way as to produce the higher adaptive level of the inversion heterozygotes. Of these two mechanisms the first, position effect, may or may not play a r6le in the evolution of the third chromosome inversions of this fly. However this may be, the second is both effective and important. For if the superior adaptiveness of inversion heterozygotes were due to position effect alone, then each arrangement would be expected to have the same relative superiority regardless of the geographic origin of the chromosomes concerned. This is not the case. The evidence shows that inversion heterozygotes are adaptively superior to the corresponding homozygotes only if the chromosome pair has been drawn from the same or neighboring localities. They are no longer superior when each member of the pair is drawn from distant populations (as for example, from southern California and the central Sierra Nevada). The Three wild strains of Drosophila pseudoobscura carrying Standard, Arrowhead and Chiricahua gene arrangements, respectively, and a strain carrying the Tree Line arrangement were employed. The former were originally collected at Pifion Flat, San Jacinto Mountains, California, the latter was collected at Mather, California, in the Sierra Nevada. The inversion heterozygotes of both localities are known to be adaptively superior to the homozygotes. The third chromosomes bearing the gene arrangements designated have been described previously. 4 Flies of each strain were outcrossed to a strain homozygous for the third chromosome recessives orange (or), purple (pr), crossveinless (cv) one-third the length of the chromosome.4 Tan7 places the gene Sc within, and pr outside and distal to the Arrowhead inversion, but his data regarding pr are inconclusive. Bi and or certainly lie between the inversion and the centromere. In Standard/Arrowhead heterozygotes less than one-fiftieth of the recombination normally taking place in the pr-cv, interval is permitted, and about one-fifteenth of recombination between or and pr, most of it in the or-BI interval. In other words, an inversion exerts a relatively greater suppressive effect on recombination in the part of the chromosome which lies distal to it (between the inversion and the free end of the chromosome) than it does on recombination between the centromere and the inversion. This agrees with the data of Sturtevant8 for Drosophila melanogaster. The Chiricahua and Tree Line arrangements differ from the Standard each by a triple inversion which extends from about the middle of section 68 to section 79, inclusive, or about six-tenths of the length of the chromosome as seen in the salivary gland cells. 4 Our data show that recombination in Chiricahua/Standard and Tree Line/Standard is almost wholly suppressed in the whole of the third chromosome. The small amount still permitted, less than six-tenths per cent, is concentrated between the genes or and Bi, a negligible amount being found elsewhere. Particularly noteworthy is the fact that crossing-over is very strongly suppressed between the centromere and the inversions, the result, probably, of interference by the inversions with meiotic pairing. Summary.-Heterozygosis for inversions found in the third chromosome in natural populations of Drosophila pseudoobscura reduces the frequency of recombination of genes located in the chromosome to a small fraction of the normal value. Recombination is strongly prevented not only for genes within the inverted sections, but also for those which lie between the centromere and the inversion, and between the inversion and the free end of the chromosome. Inversion is therefore a powerful means of holding together gene combinations which confer upon their carriers superior adaptive properties.
